kit 


REPORT  DOCUMENTATION  PAGE  AFRL-SR-BL-TR-OO-  | 

r*port.,n9  .bVrde"  for  this  collection  of  information  is  estimated  to  average  1  hour  per  resoonse 
SrlI?fn?m^«nmannAa'II'nfl  lh®  data.needed-  and  completing  and  reviewing  the  collection  of  informationP  Sen, 

K>704  0188?  1  h0f  redcCing  ,  ™  burden'  t0  Department  of  Defense.  Washing^ 

10/04  01881,  1215  Jefferson  Davis  Highway.  Suae  1204,  Arlington,  VA  22202  4302  ResDondents  chot,i 

Dl  ™P'V  Wi‘h  3  co,,ection  of  information  if  it  does  not  display  a  currently  va„„  , 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS 

/\  /S  "n  sources, 

colleaion 

^  S  /  t  Reports 

'  yt)  shall  be 

irmn  cwTOOf  TKirnDet.  .  - - -  - - 

J.  ‘  " 

i-  KtHUhl  UA1E  (DD-MM-YYYY)  2.  REPORT  TYPE 

- 1  &- 05-2000  Final 

3.  OATES  COVERED  (From  -  To) 

Jan  1  Q  QQ_nor>  1  QQQ 

IN  Lt  AND  SUBTITLE 

Clinical  Trial  of  the  Effect  of  Exercise 
on  Resetting  of  the  Endogenous  Circadian 
Pacemaker 

5a.  CONTRACT  NUMBER 

F49620-97-1 0246 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER  ‘ 

o>  AUTHOR(S) 

Charles  A.  Czeisler,  Ph.D.,  M.D. 

Rod  J.  Hughes,  Ph.D. 

5d.  PROJECT  NUMBER  - - 

5e.  TASK  NUMBER  - - 

5f.  WORK  UNIT  NUMBER 

7 •  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Brigham  and  Women's  Hospital 

75  Francis  Street 

Boston,  MA  02115 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  5>PUI\ISUHIN(i/MONI  1 OKING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Brigham  and  Women's  Hospital 

75  Francis  Street 

Boston,  Ma  02115 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 

NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT  - 

Approved  for  Public  Release:  Distribution  Unlimited 

13.  SUPPLEMENTARY  NOTES  - - - — - — - — 

14.  ABSTRACT  "  “  - - - - — - — - 

Enclosed 

20000/10  108 


16.  SUBJECT' 

rERMS 

16*  SECURITY 

CLASSIFICATIO 

N  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Uharlfis  A.  PweifilAT*.  Ph  n .  Mn 

a.  REPORT 

u 

geggjjjgj 

c.  THIS  PAGE 

ABSTRACT 

OF 

PAGES 

u 

U 

SAR 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

( 617)  732-401 3 

___  Standard  Form  298  (Rev.  8/98) 

VTIC  QUALITY  a  p,“criBdd  bv  ANSI  s,d  239-,e 


FINAL  REPORT 


Submitted  on  May  18, 2000 
to 

AFOSR/NL 

110  Duncan  Avenue,  Suite  B  1 15 
Bolling  AFB 

Washington,  DC  20332-0001 
by 

Department  of  Medicine 
Brigham  and  Women's  Hospital 
75  Francis  Street 
Boston,  Massachusetts  02115 

CLINICAL  TRIAL  OF  THE  EFFECT  OF  EXERCISE  ON  RESETTING  OF  THE 
ENDOGENOUS  CIRCADIAN  PACEMAKER 

Grant  Number:  F49620-97-10246 


Principal  Investigator: 

L 

Charles  A.  Czeisler,  Ph.Dj 
Associate  Professor  of  Medicine 
Harvard  Medical  School 
Chief,  Circadian,  Neuroendocrine 
and  Sleep  Disorders  Section 
Endocrinology  Division, 
Department  of  Medicine 
Brigham  and  Women’s  Hospital 
221  Longwood  Avenue 
Boston,  MA  02115 


Telephone:  (617)732-4013 
Facsimile:  (617)732-4015 


Performance  Sites: 

Brigham  and  Women's  Hospital 
75  Francis  Street  (and) 

221  Longwood  Avenue 
Boston,  MA  02115 


Name  of  Institution: 

Brigham  and  Women's  Hospital 
75  Francis  Street 
Boston,  MA  02115 


1 


1.  Cover  Page: 


2.  Objectives: 

The  objectives  of  the  research  effort  have  not  changed ;  they  remain  as  follows: 

Specific  Aim  1 :  test  the  hypothesis  that  a  9-hr  phase  delay  shift  of  the  duty-rest  schedule, 
such  as  that  required  for  either  transmeridian  travel  or  night  operations,  will  induce 
physiologic  maladaptation  in  the  endogenous  circadian  rhythms  of  core  body 
temperature,  plasma  melatonin,  reaction  time,  alertness  and  performance; 

Specific  Aim  2:  test  the  hypothesis  that  multiple  nightly  bouts  of  exercise  will  induce 
significant  delays  in  the  endogenous  circadian  rhythms  of  core  body  temperature,  plasma 
melatonin,  reaction  time,  alertness  and  performance  relative  to  the  control  group,  even  in 
the  absence  of  properly  timed  exposure  to  photic  cues; 

Specific  Aim  3:  test  the  hypothesis  that  exercise-induced  phase  delay  shifts  of  will 
facilitate  adaptation  of  these  rhythms  to  an  imposed  duty-rest  schedule,  thereby 
improving  sleep  efficiency  during  daytime  sleep  and  improve  reaction  time,  alertness  and 
performance  during  scheduled  waketime  at  night  relative  to  control  group. 

3.  Status  of  Effort: 

We  proposed  to  study  six  subjects  per  year  over  three  years  for  a  total  of  eighteen 
research  subjects.  In  the  period  covering  9/97  -12/99,  we  unpaneled  twelve  research 
subjects  and  data  collection  has  been  completed  on  eleven.  The  data  collected  during  the 
15-day  study  include:  pre-study  estimated  oxygen  uptake  capacity,  minute-by-minute 
samples  of  core-body  temperature;  hourly  blood  plasma  samples;  neurobehavioral  testing 
including  the  reaction  time  task  (psychomotor  vigilance  test)  every  two  hours;  nightly 
polysomnographic  recordings;  daily  subjective  assessments  of  sleep  quality 
questionnaires;  physiologic  data  from  the  3/night  for  seven  nights  exercise/control 
sessions  (monitoring  average  power,  RPM,  distance  cycled,  calories  burned,  heart  rate); 
and  urine  samples  collected  every  three  waking  hours. 


4.  Accomplishments/New  Findings- 


In  a  crossover  design,  eight  healthy  young  men  mean  +  SD  age  22.67  +  4.23  years 
underwent  a  forced  desynchrony  protocol  lasting  44-days.  Subjects  lived  in  the 
laboratory  and  were  maintained  in  an  environment  free  from  time  cues.  Subjects  were 
scheduled  to  3, 24-hr  baseline  days,  then  to  48, 20-hr  days  to  simulate  rapid  transmeridian 
travel.  During  the  treatment  condition,  exercise  occurred  three  times  each  20-hr  day. 
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Exercise  bouts  began:  +0.75-hrs,  +4.5-hrs.  and  +8.25-hrs  after  waketime.  Bouts  were  45- 
min  long  and  separated  by  3-hr  rest  intervals.  Intensity  =  ~65%  predicted  maximal  heart 
rate  with  RPM=65-70  on  a  Cybex  “The  Semi”  ergometer.  Core  body  temperature  was 
collected  continuously  via  a  rectal  temperature  sensor.  The  Psychomotor  Vigilance  Test, 
a  10-min  reaction  time  test,  was  administered  every  75-minutes  during  waketime. 

Two-factor  repeated  measures  ANOVA  revealed  that  median  reaction  time  varied 
significantly  as  a  function  of  circadian  phase  (F721=21.83  p<.0001)  and  prior  wakefulness 
(Fs,i5=5-97  p<.003)  in  both  the  exercise  and  control  conditions.  However,  median 
reaction  time  was  significantly  reduced  in  the  exercise  condition  as  a  function  of  these 
processes  (F,  3=18.56  p<.023  and  F,  3=25.65  p<.015  respectively). 

These  results  suggest  that  moderate  intensity  exercise  can  enhance  neurobehavioral 
performance  under  conditions  simulating  jet  lag,  perhaps  by  enhanced  CNS  activation. 
However,  the  exact  mechanism  by  which  exercise  affects  cognitive  functioning  has  yet  to 
be  elucidated. 


Results  from  the  analysis  of  core  body  temperature  data  derived  from  the  first  12  studies 
are  encouraging.  Data  from  the  pre-  and  post  stimulus  constant  routines  (CR)  were 
assessed  to  determine  whether  repetitive,  nightly  bouts  of  exercise  can  elicit  significant 
phase  delay  shift  of  the  endogenous  circadian  core  body  temperature  rhythm.  We 
anticipated  that  over  the  nine  intervening  24-hr-cycles  between  the  pre-  and  post  CR 
assessments,  the  endogenous  circadian  pacemaker  of  the  four  subjects  studied  under  the 
control  conditions  would  drift  with  an  average  intrinsic  period  of  ~24.17-hr,  which  would 
result  in  an  observed  phase  delay  shift  of  the  endogenous  circadian  temperature  rhythm  of 
~1.5-2.5-hr.  Indeed,  analysis  of  the  plasma  melatonin  onset  data  from  the  control 
condition  revealed  mean  +  SEM  phase  delay  shifts  of  1.50  +  0.54-hr.  Examination  of  the 
data  from  the  exercise  condition  reveals  a  mean  +  SEM  phase  shift  of  3.80  +  0.86-hr  in 
the  plasma  endogenous  melatonin  rhythm.  Evaluation  of  significant  statistical 
differences  between  the  active  and  control  conditions  awaits  completion  of  the  cohort. 
The  nearly  two-hour  difference  in  phase  adaptation  to  the  protocol  suggests  that  exercise 
can  significantly  facilitate  circadian  adaptation  to  night  shift  work  and  jet  lag. 
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Figure  1.  Preliminary  results  for  the  effects  of  exercise  on  circadian  adaptation  to 
night  shift  work  /  jet-lag 
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5.  Personnel  Report: 
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M.D.  Professor  of  Medicine 
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Technical  Research  Assistant 
Research  Assistant 


6.  Publications: 
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intensity  can  improve  visual  reaction  time.  Annual  Meeting  of  the  American  College  of 
Sports  Medicine  Annual  Meeting,  1998. 

Rimmer  DW,  Czeisler  CA.  Exercise  of  moderate  intensity  does  not  affect  the  period  of 
the  endogenous  circadian  pacemaker.  Sleep  Research,  26:7 49,  1997. 

* 

7.  Interactions/Transitions: 


A.  Participation/presentations: 
DW  Rimmer: 


June  1998: 

Annual  Meeting  of  the  American  College  of  Sports  Medicine.  Orlando,  FL 

DJ  Dijk/CA  Czeisler 
Colorado  Springs,  CO 

B.  Consultative  and  advisory  functions: 

C.  Transitions: 


Data  from  these  experiments  will  be  incorporated  into  a  model  of  alertness  and 
performance  currently  being  developed  to  counteract  fatigue  associated  with  Air  Force 
missions.  The  model  is  being  developed  through  the  support  of  the  AFOSR  Partnership 
for  Research  Excellence  and  Transition  Program  (PRET),  Center  on  Countermeasures  for 
Jet  Lag  and  Sleep  Deprivation  organized  at  the  University  of  Pennsylvania. 

8.  New  discoveries,  inventions,  or  patent  disclosures: 

None 
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9.  Honors/Awards: 


CA  Czeisler: 

-Plenary  Address,  Japanese  Sleep  Research  Society,  Sapporo,  Japan  (1996). 

-Elected  to  the  Association  of  American  Physicians  (1997). 

-Keynote  Speaker,  Associated  Professional  Sleep  Societies  Annual  Meeting,  San 
Francisco,  CA  (June  1997). 

DW  Rimmer: 

-Student  Investigator  Award.  New  England  Chapter  Meeting  of  the  American  College  of 
Sports  Medicine,  Providence,  RI  (September  1997). 

-SRS  Trainee  Travel  Award  to  the  Eleventh  Meeting  of  the  Association  of  Professional 
Sleep  Societies  (APSS)  in  San  Francisco,  CA.  (1997). 
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